Introduction: The aims of this study were to investigate the diagnostic performance of computed tomography colonography (CTC) performed in a rural secondary hospital, and to describe the local pattern of CTC service provision. Method: A single site, retrospective observational analysis was conducted for all patients undergoing CTC during the 12-month period from 1st of January to 31st of December 2014 with comparison to available colonoscopy. Results: There were 639 CTCs performed during the 12-months period. The average time from referral to performance of CTC scan was 21.3 days. The diagnostic yield of CTC for CRC was 5.8%; and for large polyps ≥10 mm was 8.0%. The sensitivity and specificity of CTC for detecting CRC were 97.1% and 88.2% respectively. The most predictive symptoms for finding colorectal lesions were rectal bleeding and anaemia. The referral rate from CTC to colonoscopy was 16.9%. 63 patients (9.9%) had follow up recommendations made in their reports due to extracolonic findings. Conclusion: Computed tomography colonography performed in a rural secondary hospital provided sufficient sensitivity to detect large polyps or CRC. The specificity for CRC was lower than reported figures in the literature. Technical issue of CTC performance due to poor insufflation techniques was identified as a main contributing factor reducing CTC accuracy. CTCs were performed with acceptable waiting time and showed high overall diagnostic yield for colorectal neoplasm in a rural hospital.
Introduction
Colorectal cancer (CRC) is the second most common cancer in both men and women in Australia and New Zealand (NZ) and the age-standardised rates of which is among the highest in the world. 1 There has been significant recent advance in the use of computed tomographic colonography (CTC) in detecting colorectal cancers and polyps with the publication of consensus statements regarding best practice of CTC techniques. 2, 3 While colonoscopy is still widely regarded as the gold standard for investigating CRC, approximately 5% are reported to be incomplete. 4, 5 In these cases an alternative modality such as double-contrast barium enema had been used traditionally but their clinical use has fallen out of favour, being mostly replaced by CTC due to its better patient tolerance and accuracy. 6 It has been shown that CTC may demonstrate equivalent sensitivity and specificity to colonoscopy provided it is performed to internationally agreed standards. 7, 8 However the diagnostic performance of CTC is highly dependent on the technique to which it is performed and there are limited data in literature assessing its performance in a rural environment where supervision and maintenance of high CTC quality are expected to be challenging.
A retrospective analysis of all CTCs performed at our institution over a 12-month period was conducted. The aims of this study were to investigate the diagnostic performance of CTC performed in a rural public hospital that lacks on-site radiologist supervision, to describe the local pattern of CTC usage including study indication, referral source and waiting time, and to review the follow up of significant CTC colonic and extracolonic findings.
Methods
An observational, single site retrospective analysis of all patients that underwent CTC performed in Timaru Hospital during the 12-month period from 1st of January to 31st of December 2014 was conducted. Timaru Hospital is a small rural health care facility with 131 bed capacity under the South Canterbury District Health Board in New Zealand.
These patients were identified through Picture, Archiving and Communication System (PACS) coding, creating a data set with patients' National Health Index (NHI) numbers along with the dates of CTC performed. Demographic and referral data were obtained from the Health Information System (HIS) software package 'Health Connect South' (HCS, Orion Health Limited, Christchurch, New Zealand). The study indications were obtained from CTC requisition form and there was no missing data. Positive faecal occult blood test (FOBT) was considered as a spectrum of rectal bleeding. Electronic records of CTC images and reports were available in PACS viewer 'InteleViewer' (Intelerad Medical Systems, Montreal, Canada).
Each CTC study was performed using a single multidetector computed tomography scanner (OPTIMA CT-660; GE Healthcare, Wisconsin, USA) with 64 slices in 0.8 s rotation time, at 120 KV. Standard full bowel preparation was achieved with Pico-Prep (Fresenius Kabi, New South Wale, Australia). Gastrograffin (Bayer, Auckland, New Zealand) was used for faecal tagging. Automated colonic insufflation using carbon dioxide via rectal tube (PROTOCO 2 L TM ; Bracco Diagnostics, Monroe Township, USA) was used for each scan. Intravenous antispasmodic such as Buscopan was not routinely administered.
There was no on-site radiologist that supervised CTC examinations. All technical aspects of CTC were carried out by medical imaging technologists (MIT) who had independently performed at least three examinations successfully. CTC images were networked to a workstation at a Christchurch Radiology Group site where the images were read by 10 experienced radiologists with CTC accreditation.
A subgroup of patients who underwent concomitant colonoscopy within 12 months of CTC being performed was identified from the electronic endoscopic database. Each colonoscopy report and histology results of resected and/or biopsied colonic lesions were obtained from the HCS. These results were compared with the CTC reports for each patient to allow comparative analysis of diagnostic performance of CTC against colonoscopy.
Statistical analysis
Categorical data were presented as frequencies (percentage) and compared using Chi-squared test as appropriate. Continuous data were presented as means and compared using one-way Anova test. P value <0.05 was considered significant. VassarStat (Vassar College, New York, USA) programmes were used for all statistical analysis.
The diagnostic yields of CRC or polyps of various sizes were calculated by dividing the number of CTCs that had identified lesions of interest by the total number of CTCs performed during the study period. Comparative analysis of the subgroup of patients that had both CTC and colonoscopy allowed calculation of per-polyp sensitivity and specificity of CTC with 95% confidence intervals (CI).
Results
There were 639 patients who underwent CTC at our institution between 1st of January and 31st of December 2014, of whom 358 were female (56%). The average age of study population was 67.5 years.
Majority of CTC referrals came from three sources with General Practice (GP) being the predominant source (67.0%), followed by General Surgery (24.1%) and General Medicine (8.0%). Twenty eight patients (4.4%) were referred for CTC following failed or incomplete colonoscopy. The average time from initial referral to performance of scan was 21.3 days with those referred from General Surgery having the shortest waiting time (P < 0.001). Table 1 summarises these findings.
The most common indication that led to CTC was altered bowel habit (29.0%), followed by anaemia (12.2%), rectal bleeding which included positive FOBT (11.0%) and abdominal discomfort (10.6%). Significant proportion of patients (22.7%) had multiple combinations of above symptoms.
Out of 639 studies, 130 found colonic polyps or mass lesion suspicious for cancer, giving an overall yield rate of 20.3% for colonic polyps or mass lesions. A total of 
Consisted of referrals from emergency department (four) and orthopaedics (two).
172 separate lesions were found in these 130 scans. There were 37 (5.8%) mass lesions or wall thickening suspicious for malignancy, 51 (8.0%) ≥10 mm polyps, 61 (9.5%) 6-9 mm polyps and 23 (3.6%) ≤5 mm polyps. Overall 17 (2.7%) CTC studies were non diagnostic and were thought to be inadequate to detect colonic malignancy by reporting radiologists. One hundred and sixty out of 639 patients had concomitant colonoscopy within 1 year of their CTC. Twenty eight had incomplete or failed colonoscopy and they were excluded from this subgroup giving a total of 132 cases to allow comparative analysis of CTC results against histological result from colonoscopy. One hundred and six patients had subsequent colonoscopy as a direct result of positive CTC finding giving the referral rate of 16.6%. This leaves 26 patients who had colonoscopy despite normal CTC.
In this subgroup of 132 patients that had concomitant colonoscopy, 141 colonic lesions were identified by CTCs. Table 2 summarises this finding with comparison to colonoscopy. One hundred and fourteen lesions were confirmed on colonoscopy leaving 27 false positives. Out of 37 mass lesions suspicious for malignancy 33 were confirmed. Four lesions thought to be malignant were either normal prominent mucosal folds or colitis on subsequent colonoscopy. On retrospective review of these four scans, three were technically suboptimal studies with under-distention and this led to abnormal colonic appearances suspicious for malignancy while one was a perceptive error from prominent mucosal folds. Thirty of the 38 patients with normal CTC subsequently had normal colonoscopies. The two ≥10 mm polyps missed on CTCs were both tubular adenoma with low grade dysplasia. Importantly one CTC missed a mid-rectal adenocarcinoma leading to delayed surgical treatment taking 347 days from initial referral. This CTC was retrospectively reviewed by a radiologist and the tumour was obscured by an insufflation balloon. A repeat CTC performed 10 months later detected the rectal mass. At colonoscopy the mass was noted to be 3 cm in diameter and located 2 cm from the anal verge.
The estimated overall sensitivity and specificity of CTC against colonoscopy for all colonic lesions were 60.0% (95% CI 52.6-67.0) and 52.6% (CI 39.1-65.8) respectively. The sensitivity and specificity for polyps ≥10 mm increased to 94.7% (CI 80.9-99.1) and 90.9% (CI 74.5-97.6), and for mass lesions were 97.1% (CI 82.9-99.8) and 88.2% (CI 71.6-96.2) respectively. These results are summarised in Table 3 .
A sub-analysis of diagnostic yield of colonic polyps or mass lesions of CTC by indication showed highest detection rate for rectal bleeding (27.1%) followed by anaemia (24.4%). Patients with multiple bowel symptoms of any combination also had high likelihood of having polyps detected (24.5%). The lowest yield rate was for abdominal pain (11.8%) and change in bowel habit (14.1%). This trend was not statistically significant however, Table 4 .
Although approximately 45% of CTCs reported extracolonic findings, most of these were benign incidentals and only 63 patients (9.9%) had a follow up recommendation made in their CTC report. Of the follow-up recommendations, 42 were for further imaging studies including 26 ultrasound, ten CT and seven magnetic resonance imaging scans, and 20 were for specialist follow up.
Discussion
In this study, CTC identified 94.7% of large colonic polyps (≥10 mm) and 97.1% of CRC that were detected by optical colonoscopy. This is comparable to those reported in literature with miss rate of 4-5%.
9-11 Importantly, this finding suggests that the CRC detection rate CTC, computed tomographic colonography. NPV, negative predictive value; PPV, positive predictive value. † Sensitivity indicates the proportion of patients who had lesions of specified size detected on colonoscopy. Specificity indicates the proportion of patients who had no lesions detected on CT colonography or colonoscopy.
of CTC is comparable to that of optical colonoscopy with a reported miss rate of 5.9% by Leaper et al. 12 The sensitivity rapidly decreased for smaller lesions as anticipated. These suggest that CTC can be performed adequately in rural settings without on-site supervision by radiologist and its satisfactory interpretation is achievable with advent of remote viewing of radiology. The specificity of CTC for large polyps and mass lesions were 90.7% and 88.2% respectively which is lower than the reported estimate in the literature. 7 A previous study at our institution has shown CTC specificity of 96.7% for mass lesions. 13 The four falsely detected lesions were subsequently found on colonoscopy to be prominent mucosal folds, which is a recognised pit-fall of CTC. 14 Furthermore, technical issues such as under-distention of colon was a significant factor contributing to this reduction of specificity. The average time from referral to performance of CTC scan was 21.3 days. This compares favourably to other published CTC data and suggests achievability of a timely CTC service provision in rural healthcare facilities such as our institution. 15 Furthermore, this is potentially important as there is a perceived oversubscription to nonurgent colonoscopy lists in our region and appropriately triaged patient could be re-directed to CTC which can be performed in a more timely manner. Referral from general surgeons led to significantly lower waiting time compared to other referral bases. One possible explanation of this may be that patients who are assessed by surgeons have higher risk symptoms and scores higher on our local CTC triage system. The overall failure rate of CTC was 2.7% which is slightly higher than reported figures in the literature of around 0.7-2%. 16, 17 Majority of these CTCs were technically difficult due to inability to achieve satisfactory distention. Of note, antispasmodics were not routinely used for CTCs performed during the study period. It has been shown that the use of antispasmodics effectively reduces under-distension due to diverticular disease. 2, 18 Our local CTC protocol has recently been updated to incorporate the routine use of antispasmodics. Furthermore, there has been no routine education or feedback provided to MITs that emphasises the importance of achieving good colonic distension. Provision of such sessions would expect to further improve diagnostic accuracy and nondiagnostic rates of CTC. The detection rate of CRC by CTC in this symptomatic group was 5.8% which is higher than those reported in studies with symptomatic cohort at around 4%. 9, 15 This could be in part explained by overall higher average age of study population but the four false positive lesions that were thought to be malignant on CTC are also contributory factors. Despite this, the relatively higher CRC diagnostic rate in our study does not support the perceived idea that CTCs are being inappropriately overrequested by GPs in recent years. The missed rectal cancer obscured by rectal tube is a perineal disease which could have been identified by digital rectal examination (DRE). Appropriate documentation of DRE result on requisition form may have prevented the cancer being missed by radiologist. Frequently, whether DRE had been performed by a referral is unknown and it illustrates the importance of performing DRE as a prerequisite for CTC.
The referral rate from CTC to colonoscopy in this symptomatic cohort was 16.9% which is higher than the estimated rates of 10.7% and 11.5% reported in other studies. 19, 20 This can be attributed to actual high cancer or polyp prevalence in this study population but also contributed by moderate number of extra referrals for false positive medium sized polyps. The CT colonography Reporting And Data System (CRADS) consensus gives option of endoscopic resection or follow up CTC for patients with medium sized polyps. At our institution, these patients were referred to endoscopic resection. Given the high false positive rate for these polyps with low probability of being high grade dysplasia, it may be advisable that repeat CTC may be a more suitable follow up modality. This would lower the rate of on-referral to colonoscopy and improve cost-effectiveness of CTC as primary diagnostic investigation for CRC. It is known that the most predictive symptoms for finding CRC at colonoscopy are rectal bleeding and iron deficiency anaemia. 8 Other common gastrointestinal symptoms such as abdominal pain, change in bowel habit and weight loss have been shown to have a lower predictive value for CRC. 20 These were again found in this study. These findings were already reflected in our CTC triaging system with higher points given for high risk symptoms such as anaemia or rectal bleeding and no points for abdominal pain. Studies around the world have shown approximately 50% of CTCs having extra-colonic findings, with increased frequency for older population, 21 and our finding confirms this. More importantly we found that 9.9% of CTCs led to further follow up for potentially important extra-colonic findings which is comparable with the reported rates in the literature ranging from 6-16%. CTC, computed tomographic colonography.
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There are several limitations present in the current study. The attempted assessment of diagnostic performance of CTC by comparing it to concomitant colonoscopy would only provide a sample estimate of true sensitivity and specificity for a group of cases such as those with abnormal CTC. This is due to the fact that majority of normal CTCs did not lead to colonoscopy and calculation of true false negative rate of CTC cannot be achieved in an observational, retrospective review. Authors also caution that the patients in this study may have been preselected to have CTC as primary investigation instead of colonoscopy for reasons such as comorbidities and lower clinical risk. This could also influence the sensitivity and specificity results.
In conclusion, our finding suggests that CTCs performed in a small rural hospital provided sufficient sensitivity to detect large polyps or CRC. The estimated specificity for CRC was lower than reported figures in the literature. This was due to technical issues of CTC performance especially with insufflation technique. Appropriate staff education and introduction of routine use of antispasmodics would alleviate this problem. Follow up of medium sized polyps (6-9 mm) with repeat CTC would improve the cost-effectiveness of CTC as primary diagnostic investigation by lowering the rate of on-referral to colonoscopy. The most predictive symptoms for finding colorectal lesions were rectal bleeding and anaemia. In a rural healthcare setting, CTCs were performed with short waiting time and showed high overall diagnostic yield for colorectal neoplasm.
